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Fusarium species were isolated from plant debris in 29 composite soil samples from 22 locations representing 
the major agricultural areas and vegetation types of South Africa. The survey provided qualitative and quantitative 
information on the occurrence, distribution and ecology of Fusarium spp. in South African soils. The results obtained 
with the isolation and enumeration methods used were highly reproducible in two independent laboratories. 
Altogether 2 425 Fusarium isolates were recovered, representing 23 species and 6 undescribed taxa. Two Fusarium 
spp., F. tricinctum (Corda) Sacc. and F. camptoceras Wollenw. & Reinking, were recorded for the first time in 
South Africa. The five most prevalent Fusarium spp. which comprised 76% of the isolates obtained were F. 
oxysporum Schlecht. emend. Snyd. & Hans., F. so/ani (Mart.) Appel & Wollenw. emend. Snyd. & Hans., F. equiseti 
(Corda) Sacc. , F. nygamai Burgess & Trimboli, and F. compactum (Wollenw.) Gordon. Three of these species (F. 
oxysporum, F. so/ani and F. equisett) occurred significantly more frequently in cultivated than in undisturbed soils. 
The reverse was true for F. nygamai. The incidence of F. compactum did not differ significantly in cultivated and 
undisturbed soils. The incidences of F. so/ani and F. compactum were significantly higher in soils from low altitude, 
subtropical areas in the summer rainfall region than from other climatic areas. 
Fusarium-spesies is ge·lsoleer uit plantreste in 29 saamgestelde grondmonsters vanaf 22 Jokaliteite verteen-
woordigend van die hoof landboukundige areas en plantegroeitipes van Suid-Afrika. Die opname het kwalitatiewe 
en kwantitatiewe inligting oor die voorkoms, verspreiding en ekologie van Fusarium-spp. in Suid-Afrikaanse grande 
beskikbaar gestel. Die resultate wat verkry is met die isolasie- en enumerasie-metodes wat gebruik is, was goed 
vergelykbaar in twee onafhanklike Jaboratoriums. 'n Totaal van 2 425 Fusarium-isolate, verteenwoordigend van 
23 spesies en 6 onbeskrewe taksa, is verkry. Twee Fusarium-spp. , F. tricinctum (Corda) Sacc. en F. camptoceras 
Wollenw. & Reinking, is vir die eerste keer in Suid-Afrika aangeteken . Die vyf mees algemene Fusarium-spp. wat 
76% van die totale aantal isolate behels het , was F. oxysporum Schlecht. emend. Snyd. & Hans., F. so/ani (Mart.) 
Appel & Wollenw. emend. Snyd. & Hans., F. equiseti (Corda) Sacc., F. nygamai Burgess & Trimboli, en F. compactum 
(Wollenw.) Gordon. Drie van hierdie spesies (F. oxysporum, F. so/ani en F. equisett) het betekenisvol meer algemeen 
voorgekom in bewerkte as onversteurde grand , die teenoorgestelde was waar in die geval van F. nygamai, en 
die voorkoms van F. compactum het nie betekenisvol verskil nie. Die voorkoms van F. so/ani en F. compactum 
was betekenisvol hoer in gronde vanaf laagliggende, subtropiese gebiede in die somerreenvalstreek as in ander 
klimatologiese gebiede. 
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The first detailed account of the genus Fusarium in South 
Africa was published by Doidge (1938). In this publication, 
the taxonomic system of Wollenweber & Reinking (1935) was 
followed to identify 26 species, 31 varieties, and 13 formae 
of Fusarium from a large number of host plants as well as 
insects and other fungi in South Africa. Doidge (1950) 
compiled a record of all the fungi (including Fusarium) and 
lichens known to occur in South Africa and of the literature 
concerning them until the end of 1945. These two publications 
are the basis of all the existing knowledge about the occurrence 
of Fusarium spp. in South Africa. An index to the literature 
on Fusarium in South Africa published after 1945 to the end 
of 1985 was compiled by Marasas et a!. (1987). 
Very little information is available on the occurrence of 
Fusarium spp. in South African soils. Although Fusarium spp. 
have been included in a few studies on South African soil 
fungi such as those by Eicker (1969, 1970a, b, 1974), no 
systematic surveys of Fusarium spp. in either cultivated or 
undisturbed soils in the different climatic regions of South 
Africa have been undertaken. This paper reports on the first 
survey of Fusarium spp. associated with plant debris in South 
African soils. 
During June and July 1984, 29 composite soil samples 
were collected at 22 locations (Figure 1) representative 
of the major agricultural areas and vegetation types of 
South Africa. Relevant data on the geographic location, 
altitude, climate, land-use, veld type (Acocks 1975), and 
soil type (MacVicar 1973) of each sampling site are sum-
marized in Table 1. At each sampling location, the num-
ber of sampling sites (1- 4) was determined by varia-
tions in terrain and vegetation. At each sampling site five 
subsamples were collected from points approximately 10 -
20 m apart. Plant residues and rocks were removed from 
the soil surface before the subsamples were collected. A 
subsample was a cylindrical core of soil (5 em diam. and 
approx. 5 em deep) which was removed with a steel soil 
corer. However, at sites where gravel, rock or sand pre-
vented the use of the soil corer, a trowel was used to 
remove a subsample equivalent in volume to a core ( = four 
scoops). The subsamples were placed in thick-walled paper 
bags for transport to the laboratory where they were stored 
under cool dry conditions until processed, usually within 5 
days of collection. 
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Table 1 Geographical description of locations in South Africa where composite soil samples were 
collected for isolation of Fusarium species 
Mean daily temp. (0C) 
(maxi min) Rainfall (mm) 
v .... _ v 
0..0 
E E 
'" ::> (/) <:: Location 
Belfast 
2 Nelspruit 
3 Nelspruit 
4 Nelspruit 
5 
6 
7 
8 
9 
10 
II 
Skukuza 
Satara 
Pafuri 
Levubu 
Springbok 
Flats 
Theunissen 
Ladysmith 
12 Brandvlei 
13 Hluhluwe 
14 Upington 
15 Mselini 
16 Mselini 
17 Mselini 
18 Makatini 
Flats 
All. 
(m) Jan 
1950 23,1111,4 
671 28,9/ 18,5 
671 28,9/ 18,5 
671 28,9/ 18,5 
262 32,5120,1 
273 33,4120,8 
305 
761 29,4/ 19,2 
1124 29 ,5/ 17 ,0 
1295 30,2/ 15,5 
1036 27,3 / 15,9 
1345 29,4/ 15,7 
66 30,7120,7 
793 34,5/ 17 , 1 
< 100 
< 100 
<100 
91 32 ,1121 ,2 
19 Lake Sibaya <100 
20 Lake Sibaya <100 
Jul 
15,41 1,4 
Summer 
Nov-Apr 
618,1 
22,71 6,0 577,4 
22,71 6,0 577,4 
22,71 6,0 577,4 
25,71 5,9 
24,81 7,6 
22,71 9,7 
21,21 2,9 
19,01 0,7 
18 ,71 2,5 
19,11 0,2 
24,5/ 11,1 
20,71 1,8 
428,2 
478,6 
384,3 
723,2 
535,9 
411,4 
614,2 
621,7 
157,6 
25,01 8,4 455,8 
21 Bethlehem 1631 26,5 / 13,2 16,01- 2,6 511,6 
22 Golden Gate 2316 25,8113 ,2 
23 Table Moun- 1087 20,4/ 12,4 
tain (plateau) 
24 Swellendam 128 30,9/ 15 ,3 
25 Swellendam 128 30,9/ 15,3 
26 George 204 24,2/ 14,4 
27 Oudtshoorn 301 31,2/ 15,1 
28 Oudtshoorn 301 31,2115 ,1 
29 Laingsburg 869 
15 ,21 0,3 638,1 
11,81 6,2 479,0 
18 ,71 7,1 366,9 
18,71 7,1 366,9 
18 ,21 7,1 368,8 
18,91 2,5 120,3 
18 ,91 2,5 120,3 
68,7 
Winter 
Land-use 
of site 
May-Oct ('regularly irrigated) 
178,1 Natural pasture 
(sheep) 
Veld type 
(Acocks 1975) 
North-eastern 
sandy Highveld 
106,2 Citrus orchard* Lowveld 
106,2 Mango orchard' Lowveld 
106,2 Mango orchard* Lowveld 
92,2 Nature reserve 
92,2 Nature reserve 
45 ,7 Nature reserve 
159,8 Banana 
plantation* 
90,8 Wheat lsorghum 
cultivation 
106,4 Natural pasture 
(sheep) 
244,2 Natural pasture 
(cattle) 
Lowveld 
Arid Lowveld 
Mopani veld 
Lowveld sour 
bushveld 
Springbok Flats 
turf thorn veld 
Dry Cymbopo-
gon - Themeda 
veld 
Southern tall 
grassveld 
Soil description 
(MacVicar 1973) 
Red - yellow - grey Latosol Plinthic 
Catena (yellow-grey loam) 
Red - yellow - grey Latosol Plinthic 
Catena (acid grey sand) 
Red - yellow - grey Latosol Plinthic 
Catena (acid grey sand) 
Red - yellow - grey Latosol Plinthic 
Catena (acid grey sand) 
Weakly developed soils on rock 
(lime prevalent) 
Black Montmorillonitic clay 
Black Montmorillonitic clay 
Latosol (non-humic red) 
Black Montmorillonitic clay 
Red clay and solonetzic soils 
Black clay and solonetzic soils 
Maize mono-
culture 
Western variation Red - yellow - grey Latosol Plinthic 
of Bankenveld Catena (neutral red sandy loam) 
178,5 Natural veld 
34,4 Natural veld 
Lowveld 
Orange River 
broken veld 
Natural grassland Zululand palm 
Maize mono-
culture 
veld 
Zululand palm 
veld 
Natural grassland Zululand palm 
veld 
184,1 Natural grassland Lowveld 
Natural grassland Coastal forest 
and thornveld 
Maizel peanut 
cultivation 
Coastal forest 
and thorn veld 
Red clay with Montmorillonite 
Continental red and brown shifting 
sands 
Littoral (grey sand) 
Littoral (grey sand) 
Littoral (grey sand) 
Li It oral (grey sand) 
Littoral (grey sand) 
Littoral (grey sand) 
157,9 Wheatl potato 
cultivation 
Highland sourveld Red - yellow - grey Latosol Plinthic 
to Cymbopo- Catena (yellow-grey loam) 
gon - Themeda 
veld transition 
168,2 Nature reserve Themeda - Fes- Rock and Lithosol (undifferentiated) 
sluca alpine veld 
1301 ,0 Nature reserve Macchia Rock and Lithosols 
358,1 Medicago pasture False Macchia 
358,1 Natural veld False Macchia 
349,2 Indigenous forest Knysna Forest 
117,9 Cultivated pasture Karroid broken 
(sheep) (Lucernel veld (Little 
Bermudagrass)* Karoo) 
117,9 Natural grassland Karroid broken 
veld (Little 
Karoo) 
49,1 Natural pasture 
(sheep) 
Karroid broken 
veld 
Weakly developed soils on rock 
(lime prevalent) 
Weakly developed soi ls on rock 
(lime prevalent) 
Weakly developed soils on rock 
(lime absent) 
Alluvial plains 
Alluvial plains 
Weakly developed soils on rock 
(lime prevalent) 
S. Afr. J. Bot., 1988, 54(1) 
z• 
0 100 200 KM 
,__...__..... 
Figure 1 Map of South Africa indicating locations where soil samples 
for the isolation of Fusarium species were collected. 
Extraction of plant debris from soil 
The technique used to extract plant debris, mainly root 
fragments, from soil was similar to that described by Tio et 
al. (1977), Burgess & Liddell (I983), and McMullen & Stack 
(1983, 1984). The subsamples from each collection site were 
thoroughly mixed to obtain a composite soil sample which 
was then divided into two equal parts. One part was put in 
storage and the other part dispersed in 3 dm3 of tap water 
and poured through a nest of two sieves (2 mm and 0,5 mm 
mesh). Debris retained on the 0,5-mm mesh sieve was washed 
for 2 h under a fine spray of tap water in a portable spray 
chamber (Figure 2) fitted with a spray nozzle ('Waterfog' type, 
Fogg-It Nozzle Co., P .O. Box 16053, San Francisco, 
California 941I6). The debris was allowed to dry on sterile 
paper towels in a laminar flow bench for 24 h and over silica 
gel in a desiccator for a further 48 h. The dried debris was 
divided into two fractions and stored in sterile envelopes at 
5°C. Fusarium species were isolated from one fraction at the 
Research Institute for Nutritional Diseases (RIND) at 
Tygerberg and from the other fraction at the Plant Protection 
Research Institute (PPRI) at Stellenbosch. 
Isolation and identification of Fusarium species 
At each of the laboratories (RIND and PPRI), 100 pieces of 
debris (2- 3 mm long) of each fraction were plated (10 pieces 
per 9 em diam. petri dish) on modified selective Fusarium 
agar (SFA) (Burgess & Liddell 1983) containing 20,0 g 
dextrose; 0,5 g KHzP04; 2,0 g NaNo3; 0,5 g MgS04. 7Hz0; 
1,0 g concentrated yeast extract; I,O cm3 1 OJo FeS04.?HzO; 
20,0 g Bacto Difco agar; 1,0 g pentachloronitrobenzene 
(PCNB); I ,0 g streptomycin sulphate; 0,12 g neomycin 
sulphate and I 000 cm3 distilled H20. Plates were incubated 
at 20°C under a light bank with a I2-h photoperiod containing 
one 40W cool white fluorescent tube and one 40W black light 
tube (Philips TL 40W /80 RS F40BLB) for 7 days. All colonies 
resembling Fusarium spp. were mass transferred to carnation 
leaf agar (CLA) (Fisher et al. 1982) and potato dextrose agar 
(PDA) (Nelson eta/. 1983) in divided plastic petri dishes and 
incubated as described above. Cultures of Fusarium spp. were 
again transferred to divided petri dishes containing CLA in 
one compartment and PDA in the other, using single 
germinated conidia (Nelson et a/. 1983) derived from the 
original colony on CLA. These single-conidial cultures were 
incubated as described above and identified according to 
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Figure 2 Portable spray chamber used for the washing of soil from 
plant debris on a sieve. 
Nelson eta/. (1983). Representative cultures of each Fusarium 
sp. and undescribed taxon were lyophilized and deposited in 
the following culture collections: (1) Mycology Research Unit, 
Plant Protection Research Institute, Pretoria, South Africa; 
(2) Research Institute for Nutritional Diseases, Tygerberg, 
South Africa; (3) Fusarium Research Laboratory, The 
University of Sydney, Sydney, Australia; and (4) Fusarium 
Research Center, The Pennsylvania State University, 
University Park, U.S.A. 
The frequency and relative density of each Fusarium species 
were calculated according to McMullen & Stack (1984) as 
follows: 
Frequency (OJo) 
No. of soil samples of 
occurrence of a species x 100 Total no. of samples 
R 1 t" d . (OJ, ) No. of isolates of a species 100 e a Jve ensity 0 = Total no. of Fusarium isolates X 
Species diversity = Simpson's index 
s 
Simpson's index = E P2; 
i = 1 
P; = relative density of each species 
s = total number of species 
In the comparison of means, analysis of variance was done 
on the logs (combined number of isolates obtained by both 
laboratories + 1) followed by the Student- Newman - Keuls 
multiple comparison method. 
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Table 2 Frequency of isolation of Fusarium species and undescribed taxa from plant debris from 29 
composite soil samples in South Africa 
Number of Fusarium isolatesa 
Composite soil sample numberb 
Fusarium species and Lab . 
undescribed taxa No. c 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 
F. decemcellulare A 
F. chlamydosporum 
F. trincinctum 
F. avenaceum 
B 
A 
B 
A 
B 
A 
B 
F. camptoceras A 
F. polyphialidicum 
F. semitectum 
F. acuminatum 
F. compactum 
F. equiseti 
F. scirpi 
F. crookwellense 
F. culmorum 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
F. graminearum Gr I A 
F. recticulatum 
F. sambucinum 
F. lateritium 
F. moniliforme 
F. subglutinans 
F. oxysporum 
F. solani 
F. dlamini 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
7 
5 
6 I 
4 2 2 
3 
6 
2 
I 7 
2 17 
3 
5 
14 
6 
6 
6 
9 3 
5 4 
2 
3 
2 
3 
2 
3 
3 
4 
3 
2 
2 
2 
8 5 
4 3 
I 16 II 
2 8 10 
16 
34 
10 
17 
12 26 28 31 7 12 18 19 4 
14 14 22 33 5 12 II 6 16 
3 
2 
64 2 5 7 3 16 2 4 
377584462 
2 
I 
6 
9 
9 
2 
7 
5 
I 
2 
9 
8 
4 
6 
2 
3 
4 22 
4 12 
12 
5 
9 
2 
2 
6 
3 
2 2 
3 
2 
8 18 25 13 20 31 19 
3 35 II 6 36 4 
2 4 
6 
9 2 
7 
5 
2 
5 
2 2 
4 2 
3 
3 
4 
2 
3 
I 
2 
2 
II 2 
7 
4 10 
4 4 
2 
4 
9 
6 
3 
2 
2 4 
5 
6 
3 2 
6 35 10 12 
2 6 22 27 8 
2 2 
6 
3 
F. nygamai A I 5 5 8 
9 9 
10 14 8 
8 15 13 
14 I 
6 7 8 
8 12 
F. sp A 'Table 
Mountain' 
F. sp . B 'Levubu' 
F. sp C 'Bethlehem' 
B 
A 
B 
A 
B 
A 
B 
F. sp D 'Armenia- A 
cum' B 
F. sp E ' Rock-
hampton' 
F. sp F 'Longipes ' 
A 
B 
A 
B 
8 9 2 
3 
2 
aNumber of isolates of each Fusarium species obtained at each site by each of two laboratories 
bSee Table I for information on the origin of soil samples 
C A = Plant Protection Research Institute, Stellenbosch 
B = Research Institute for Nutritional Diseases, Tygerberg 
7 
4 
2 12 
9 
2 
12 
5 
37 
32 
6 
10 
3 
7 
10 
9 
II 
8 
5 
I 
2 
3 
14 27 
31 45 
2 
8 
5 
8 
2 2 
3 
29 21 
5 25 
7 3 
14 
2 
27 27 13 
29 51 II 
2 
II 
8 23 
3 15 
3 
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Results 
Fusarium species isolated 
The frequency of isolation of each Fusarium sp. from each 
composite soil sample by each of two laboratories is given 
in Table 2. A total of 2 425 Fusarium isolates was recovered, 
representing the following 23 species listed according to the 
sequence of sections in Nelson et a!. (1983) and six undescribed 
taxa: F. decemcellulare Brick, F. chlamydosporum Wollenw. 
& Reinking, F. tricinctum (Corda) Sacc., F. avenaceum (Fr.) 
Sacc., F. camptoceras Wollenw. & Reinking, F. polyphia-
lidicum Marasas, Nelson, Toussoun & Van Wyk, F. semi-
tectum Berk & Rav., F. acuminatum Ell. & Ev., F. com-
pactum (Wollenw.) Gordon, F. equiseti (Corda) Sacc., F. 
scirpi Lambotte & Fautr., F. crookwellense Burgess, Nelson 
& Toussoun, F. culmorum (W.G. Smith) Sacc., F. grami-
nearum Schwabe Group 1, F. reticulatum Mont., F. sam-
bucinum Fuckel, F. lateritium Nees, F. monilijorme Sheldon, 
F. subglutinans (Wollenw. & Reinking) Nelson, Toussoun & 
Marasas, F. oxysporum Schlecht. emend. Snyd. & Hans., F. 
so/ani (Mart.) Appel & Wollenw. emend. Snyd. & Hans., F. 
dlamini Marasas, Nelson & Toussoun, and F. nygamai 
Burgess & Trimboli. 
The six undescribed taxa will be described elsewhere but 
can be characterized briefly as follows: 
Fusarium sp. A. 'Table Mountain' population. These isolates 
produce microconidia on monophialides and polyphialides and 
large, thick-walled, curved macroconidia in sporodochia. 
Sclerotia and chlamydospores are formed in old cultures. They 
are considered to represent a new species in section Arthro-
sporiella (Wollenweber & Reinking 1935). 
Fusarium sp. B. 'Levubu' population. Microconidia are 
produced on monophialides and polyphialides and macro-
conidia are small, lunate, 0- 3-septate. These isolates might 
represent a new species in section Eupionnotes (Wollenweber 
& Reinking 1935). 
Fusarium sp. C. 'Bethlehem' population. The macroconidia 
of these isolates closely resemble those of F. sambucinum 
whereas the cultural characteristics resemble those of F. 
culmorum (Nelson et a/. 1983). 
Fusarium sp. D. 'Armeniacum' population. These isolates 
produce macroconidia in apricot-coloured sporodochia and 
are similar to those discussed by Burgess & Liddell (1983). 
The macroconidia resemble those of F. acuminatum but the 
cultural characteristics, response to temperature, and the rapid 
and abundant production of sporodochia and chlamydospores 
are atypical of F. acuminatum. These isolates are identical 
to a group of T-2 toxin-producing isolates recently obtained 
from barley and oats in South Africa (Rabie et a/. 1986). 
Fusarium sp. E. 'Rockhampton' population. The large 
spherical papillate microconidia produced on monophialides 
and polyphialides resemble those of F. anthophilum (A. 
Braun) Wollenw. (Nelson eta/. 1983), but are much larger. 
Similar isolates have previously been obtained from Rock-
hampton in Queensland, Australia (Burgess & Liddell 1983). 
Fusarium sp. F. 'Longipes' population. These isolates have 
characteristics in common with both F. longipes Wollenw. 
& Reinking sensu Gordon and F. scirpi Lamb. & Fautr. var. 
filijerum (Preuss) Wollenw. (Wollenweber & Reinking 1935). 
They are identical to a group of pathogenic isolates recently 
obtained from wheat showing crown rot in South Africa (van 
Wyk et a!. 1987). 
Prevalence of Fusarium species 
The level of agreement between the two laboratories was very 
good with respect to both the number of Fusarium species 
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and the number of isolates of each species obtained from each 
soil sample (Table 2). The numbers of Fusarium isolates 
obtained by the two laboratories (1 230 and 1 195) were 
almost identical. Analysis of variance of the data revealed no 
significant differences between laboratories. Consequently the 
data from the two laboratories were combined for all further 
analyses. 
The five most prevalent Fusarium spp. isolated from plant 
debris in South African soils were F. oxysporum, F. so/ani, 
F. equiseti, F. nygamai and F. compactum (Table 3). The 
same five species were identified as the most prevalent by 
frequency of occurrence in soil samples as well as relative 
density, i.e. percentage of the total number of Fusarium 
isolates obtained. The sequence was, however, slightly dif-
ferent: F. oxysporum was the most prevalent species based 
on both frequency and relative density. The second most 
prevalent species with respect to frequency of occurrence in 
soil samples was F. equiseti, whereas F. so/ani had the second 
greatest relative density. The frequency of occurrence of F. 
nygamai and F. compactum was identical, but F. nygamai 
had a higher relative density. These five species comprised 
Table 3 Frequency and relative density of Fusarium 
species and undescribed taxa in South African soils 
Fusarium species 
and undescribed taxa 
F. decemcel/ulare 
F. ch/amydosporum 
F. tricinctum 
F. avenaceum 
F. camptoceras 
F. po/yphialidicum 
F. semitectum 
F. acuminatum 
F. compactum 
F. equiseti 
F. scirpi 
F. crookwellense 
F. culmorum 
F. graminearum Gr. 
F. reticulum 
F. sambucinum 
F. /ateritium 
F. monilijorme 
F. subg/utinans 
F. oxysporum 
F. so/ani 
F. dlamini 
F. nygamai 
F. sp A 'Table 
Mountain' 
F. sp B 'Levubu' 
F. sp C 'Bethlehem' 
F. sp D 'Armeniacum' 
F. sp E 'Rock-
hampton ' 
F. sp F 'Longipes' 
Incidence of Fusarium species• 
Soil samples 
Frequencyb 
Number (%) 
12 
I 
2 
I 
8 
13 
3 
17 
26 
12 
I 
2 
3 
4 
5 
I 
10 
5 
27 
21 
3 
17 
3 
2 
2 
2 
I 
2 
3,4 
41,4 
3,4 
6,9 
3,4 
27,6 
44,9 
10,3 
58,6 
89,6 
41,4 
3,4 
6,9 
10,3 
13,8 
17 ,2 
3,4 
34,5 
17,2 
93,1 
72,4 
10,3 
58,6 
10,3 
6,9 
6,9 
6,9 
3,4 
6,9 
Fusarium isolates 
Relativec 
Number density (OJo) 
I 
50 
3 
20 
2 
27 
49 
73 
129 
270 
94 
2 
2 
21 
41 
39 
I 
88 
18 
928 
274 
7 
244 
24 
6 
5 
2 
2 
3 
0,04 
2,06 
0,12 
0,82 
0,08 
1,11 
2,02 
3,01 
5,32 
11,13 
3,88 
0,08 
0,08 
0,87 
1,69 
1,61 
0,04 
3,63 
0,74 
38,27 
11,30 
0,29 
10,06 
0,99 
0,25 
0,21 
0,08 
0,08 
0,12 
•combined data obtained by two laboratories for 29 soil samples 
bFrequency (%) = [Combined number of soil samples of occurrence/ 
total number (29) of samples] x 100 
cRelative density(%) = [Total number of isolates of a species/ total 
number (2 425) of Fusarium isolates] x 100 
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761170 of the total number of 2 425 Fusarium isolates obtained 
during the survey. 
Geographical effects on the incidence of Fusarium 
species 
The incidence of Fusarium species and undescribed taxa in 
29 composite soil samples in relation to the geography of the 
collection sites is summarized in Table 4. The number of 
Fusarium species isolated per sample varied from 2 to 10. The 
two soils which yielded only two Fusarium species each were 
both undisturbed soils under indigenous natural vegetation 
in temperate, winter rainfall areas, i.e. Table Mountain (No. 
23) and Knysna forest (No. 26). These two soils also yielded 
the lowest total numbers of Fusarium isolates (together with 
another undisturbed soil, but in a subtropical summer rainfall 
area = Lake Sibaya No. 19), and had some of the lowest 
diversity indices. The five soil samples which yielded 10 
Fusarium species each, originated from widely different 
geographical areas with temperate or subtropical climates in 
summer as well as winter rainfall areas. These included two 
undisturbed natural grassland soils (Golden Gate No. 22 and 
Oudtshoorn No. 28), one cultivated wheat field (Bethlehem 
No. 21) and two pastures (Swell end am No. 24 and Oudts-
hoorn No. 27). The two pasture soils were also amongst the 
samples that yielded the highest total numbers of Fusarium 
S.-Afr . Tydskr. Plantk. , 1988, 54(1) 
isolates and had the highest diversity indices. The highest 
total number of Fusarium isolates was, however, obtained 
from citrus soil from Nelspruit (No.2), a low altitude sub-
tropical locality in the summer rainfall area. The predominant 
Fusarium spp. isolated from this soil were F. so/ani and F. 
oxysporum (Table 1). The second highest total number of 
Fusarium isolates was obtained from a Medicago pasture soil 
from Swellendam (No. 24), a low altitude temperate locality 
in the winter rainfall area. In this case, the predominant 
Fusarium spp. were F. acuminatum and F. oxysporum 
(Table 1). 
In order to analyse statistically for significant geographical 
effects on the incidence of Fusarium spp. in South African 
soils, it was necessary to exclude two soil samples because the 
unique geographical characteristics of the locations where they 
were collected (Tables 1 & 4) excluded them from the groups 
that were compared. These two samples were from the 
Springbok Flats (No. 9) and Table Mountain (No. 23). The 
geometrical means of the incidence of certain Fusarium spp. 
and groups of Fusarium spp. in the remaining 27 soil samples 
are compared with respect to cultivated vs. undisturbed soils 
and to soils from different climatic areas in Table 5. Three 
of the five most prevalent Fusarium spp. isolated from South 
African soils during the present survey occurred significantly 
more frequently in cultivated than in undisturbed soils, i.e. 
Table 4 Incidence of Fusarium species and undescribed taxa in soils in relation to the geography of 
collection sites in South Africa 
Geography of collection sitesa 
Land-use Rainfall Temperature Altitude 
Soil 
sample High 
no a Cultivated Undisturbed Summer Winter Temperate Subtropical (>1000 m) 
+ + + + 
2 + + + 
3 + + + 
4 + + + 
5 + + + 
6 + + + 
7 + + + 
8 + + + 
9 + + + + 
10 + + + + 
II + + + + 
12 + + + + 
13 + + + 
14 + + + 
15 + + + 
16 + + + 
17 + + + 
18 + + + 
19 + + + 
20 + + + 
21 + + + + 
22 + + + + 
23 + + + + 
24 + + + 
25 + + + 
26 + + + 
27 + + + 
28 + + + 
29 + + + 
aSee Table I for detailed geographical data of locations where soil samples were collected 
bCombined data obtained by two laboratories for 29 soil samples 
Low 
« 1000 m) 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Incidence of Fusarium b 
Number Number Diversity 
species isolates index 
6 38 0,51 
8 229 0,57 
5 60 0,29 
8 124 0,69 
6 38 0,76 
8 61 0,76 
6 82 0,75 
6 35 0,47 
8 127 0,79 
8 108 0,78 
7 63 0,76 
9 102 0,68 
6 55 0,53 
5 51 0,72 
7 71 0,63 
8 130 0,69 
6 54 0,70 
6 48 0,74 
5 20 0,58 
9 120 0,72 
10 73 0,69 
10 56 0,80 
2 25 0,27 
10 202 0,80 
9 86 0,29 
2 2 0,50 
10 141 0,76 
10 149 0,62 
6 67 0,55 
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Table 5 Effects of land-use, climate and altitude on 
the incidence of Fusarium species and undescribed 
taxa in South African soils 
Geometric mean incidence of Fusariuma 
Land-use 
Cultivated Undisturbed 
Fusarium species (n = 10) (n = 17) p 
F. oxysporum 22,81 A 7,75 b 0,0001 
F. so/ani 3,33 a 1,02 b 0,0105 
F. equiseli 4,58 A 1,83 b 0,0048 
F. nygamai 0,33 b 3,02 A 0,0004 
F. compaclum 0,72 a 1,20 a NS 
Other Fusarium spp . 9,82 A 3,24 b 0,0003 
Total Fusarium spp. 53,35 A 24,76 b 0,0008 
Number of species 8,30 a 6,60 b 0,0260 
Diversity index 0,61 a 0,60 a NS 
Climate and altitude 
Summer Summer Winter 
rainfall, rainfall, rainfall, 
temperate, SUbtropical, temperate, 
high low low 
altitude altitude altitude Overall 
(n = 6) (n = 15) (n = 6) p 
F. oxysporum 9,63 a 11,73 a 13,97 a NS 
F. so/ani 0,51 a 2,89 b 0,86 a 0,0120 
F. equise/i 4,25 a 1,90 a 3,47 a NS 
F. nygamai 1,36 a 2,02 a 1,21 a NS 
F. compac/um 0,66 a b 1,73 b 0,12 a 0,0065 
Other Fusarium spp. 10,52 A 3,25 b 6,39 A b 0,0035 
Total Fusarium spp. 34,33 a 32,38 a 33,08 a NS 
Number of species 8,30 a 6,60 a 7,80 a NS 
Diversity index 0,68 a 0,63 a 0,49 a NS 
aMeans in a row followed by the same letter do not differ significantly. 
If the letters differ, but not the cases, then p < 0,05, if the letters and 
the cases differ, then p < 0,01 
NS = not significant , p > 0,05 
F. oxysporum (p < 0,01), F. solani (p < 0,05) and F. equiseti 
(p < 0,01). The reverse was true for F. nygamai (p < 0,01), 
whereas the incidence of F. compactum did not differ sig-
nificantly. The incidence of 'other' Fusarium spp. (= all 
Fusarium spp. other than the five most prevalent species), total 
number of Fusarium isolates (p < 0,01), and number of 
Fusarium species isolated (p < 0,05), were also significantly 
higher in cultivated than in undisturbed soils. 
Significant effects of climate and altitude on the incidence 
of the five most prevalent Fusarium species in South African 
soils were observed only in the case of F. solani and F. 
compactum. The incidence of F. solani was significantly 
(p < 0,05) higher in soils from summer rainfall, subtropical, 
low altitude areas than from either summer rainfall, tem-
perate, high altitude or winter rainfall, temperate, low altitude 
areas (Table 5). The incidence of F. compactum was sig-
nificantly (p < 0,05) higher in soils from summer rainfall, 
subtropical, low altitude areas than from winter rainfall, 
temperate, low altitude areas. The incidence of 'other' Fu-
sarium spp. was significantly (p < 0,01) higher in temperate, 
high altitude areas than in subtropical, low altitude areas 
within the summer rainfall region. The specific component(s) 
of this population that was responsible for this highly sig-
nificant difference was not readily apparent. The total number 
of Fusarium isolates, number of species, and diversity indices 
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of soils from the three climatic areas did not differ signi-
ficantly. 
Discussion 
Among the 23 species of Fusarium isolated during the present 
survey, 15 species had previously been recorded in South 
Africa by Doidge (1938, 1950), whereas the following six 
species have been reported in South Africa more recently: F. 
polyphialidicum (Marasas et al. 1986), F. scirpi (Burgess et 
al. 1985; Lamprecht et al. 1984), F. crookwellense (Burgess 
et al. 1982; van Wyk et al. 1986), F. reticulum (Lamprecht 
et al. 1986), F. dlamini (Marasas et al. 1985), and F. nygamai 
(Burgess & Trimboli 1986). The following two species are here 
reported for the first time to occur in South Africa: F. 
tricinctum and F. camptoceras. Six undescribed Fusarium taxa 
were also encountered and will be described elsewhere. 
The three predominant Fusarium species isolated from plant 
debris in South African soils during the present survey, i.e. 
F. oxysporum, F. solani and F. equiseti, are all cosmopolitan 
soil-inhabiting fungi that are known to exist as both sapro-
phytes and parasites (Burgess 1981; Domsch & Gams 1972; 
McMullen & Stack 1983, 1984; Park 1965; Stoner 1981). In 
South Africa, F. oxysporum has previously been shown to 
be the predominant Fusarium species in undisturbed soils from 
forest (Eicker 1969, 1970b) and savannah (Eicker 1974) 
communities as well as in cultivated wheat soils (van Wyk 
et al. 1987). Much less information is available about the 
occurrence and distribution of F. nygamai and F. compactum, 
two other species found to be prevalent in South African soils 
during the present survey. In addition to South Africa, F. 
nygamai has only been isolated from soils in Australia, Puerto 
Rico and Thailand (Burgess & Trimboli 1986). In cultivated 
wheat soils in South Africa, F. nygamai and F. compactum 
were amongst the five most prevalent Fusarium species in 
exactly the same sequence as was found during the present 
survey (van Wyk et al. 1987). The dearth of information on 
F. nygamai and F. compactum in other areas of the world 
might be due to misidentification, confusion of F. nygamai 
with F. oxysporum, and the use of names such as F. roseum 
Link emend. Snyd. & Hans. for F. compactum rather than 
the absence or rarity of these species in soils from areas other 
than South Africa. 
The Fusarium populations in cultivated and undisturbed 
soils in South Africa differed qualitatively as well as quan-
titatively. This is in agreement with results that have previously 
been obtained elsewhere (Burgess 1981; McMullen & Stack 
1983, 1984; Nash & Snyder 1965; Stoner 1981; Windels & 
Kommedahl 1974). In the present survey, the incidences of 
F. oxysporum, F. equiseti, other Fusarium species, and total 
Fusarium isolates were highly significantly (p < 0,01), and 
those of F. solani and the number of Fusarium species 
significantly (p < 0,05) higher in cultivated than in undisturbed 
soils. Some of the reasons responsible for this phenomenon 
might be the dispersal of Fusarium propagules by cultivation 
and the increased density of pathogenic strains in the presence 
of suitable hosts. In contrast, the incidence of F. nygamai 
was highly significantly lower in cultivated soils than in 
undisturbed soils under natural vegetation. This indicates that 
F. nygamai is an indigenous species in South Africa, possibly 
associated with certain indigenous plants, and that it probably 
does not compete well with dominant species such as F. 
oxysporum and F. equiseti in cultivated soils. It should be 
noted, however, that F. nygamai was not completely absent 
from the cultivated soils sampled during the present survey 
and has previously been found to be one of the most prevalent 
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Fusarium species in cultivated wheat soils in South Africa (van 
Wyk et al. 1987). 
Certain soil-inhabiting Fusarium species are known to have 
specific plant associations (Stoner 1981), such as F. acumi-
natum and F. avenaceum with legumes (McMullen & Stack 
1984). The same association of these two species, as well as 
F. graminearum Group 1, with annual Medicago species was 
observed in the present survey and all three of these Fusarium 
spp. are known to be commonly associated with Medicago 
plants in South Africa (Lamprecht et al. 1984, 1986). Another 
example is F. moniliforme which was found almost exclusively 
in maize and sorghum soils and is very commonly associated 
with maize (Maras as et al. 1979) and sorghum (Rabie & 
Lubben 1984) in South Africa. The incidence of the well-
known wheat pathogens F. culmorum and F. graminearum 
Group 1 was, however, very low in wheat soils. This finding 
is in agreement with the results of previous studies (Cook 1968; 
Gordon 1956; McMullen & Stack 1983, 1984; van Wyk et 
al. 1987; Wearing & Burgess 1977a, b) which indicates that 
the incidence of these two fungi is generally low, except where 
Fusarium foot rot and crown rot are prevalent. 
The present survey has provided for the first time qualitative 
and quantitative information on the occurrence, distribution 
and ecology of Fusarium species in South African soils. 
The results obtained with the isolation and enumeration 
methods used were highly reproducible in two independent 
laboratories. Interesting ecological areas for further research 
have been identified. The survey has also yielded a large 
collection of Fusarium cultures of considerable taxonomic 
interest. Descriptions of these taxonomically interesting 
populations are in preparation and will be published elsewhere. 
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